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UNITED STATES PATENT of FICE 
2,646,754 

HYDRAULC FLUED MECHANISM 

John W. Overbeke, Cleveland, Ohio 
Application October 17, 1946, Serial No. 703,733 

(C. 103-161) 27 Claims. 

This invention relates to hydraulic mechanisms 
of the positive displacement type. The preferred 
embodiment, as described herein, is a pump 
adapted for use in high pressure hydraulic SyS 
tems, but, as will be apparent to those skilled in 
the art, many features of the invention are capa 
ble of advantageous application to motors, meter 
ing devices, flow dividers, and other hydraulic 
apparatus. However, for brevity in the Specifi 
cation the invention will be referred to as a pump. 
The embodiment which has been chosen for illus 
tration of the principles of the invention is a high 
speed, high pressure pump particularly adapted 
for use in aircraft hydraulic systems by virture of 
its light weight, compactness, reliability and Self 
regulating features. 
The objects of the invention include the pro 

vision of a pump, motor, or other fluid flow ap 
paratus characterized by the following advan 
tages: . 
Compactness and light Weight. 
Adaptability to being driven by a variable Speed 

prime mover such as an aircraft engine. 
Susceptibility of high Speed operation. 
Ability to operate at low Speeds. 
High output pressure. 
Ability to operate with a high vacuum input. 
Internal regulation of the Output pressure, 

obviating the need for external relief Walves and 
bypass circuits. 
The inclusion of a supercharging stage to in 

sure proper flow of fluid to the displacement 
stage to prevent cavitation. 

Provisions for lubrication of the working parts 
of the pump. 
Quick pump response to Sudden increases in 

output fow demand. 
A novel Valving mechanism, providing highly 

effective sealing against leakage of fluid with 
a minimum of precision fitting of parts. 
Means to balance the thrustS On the valve 

mechanism due to fluid preSSure. 
A construction facilitating the use of a forged 

casing and such as to minimize machining re 
quirements for finishing the casing. 
A positively driven track ring rotated with the 

cylinder block and receiving the piston thrusts. 
Positive movement of the pistons in their intake 

strokes. 
Quick self-priming action. 
The provision of an apparatus incorporating 

these major objects and advantages involves 
many novel features of operation and arrange 
ment, too numerous for further recital, which 
will be apparent to those skilled in the art from 
the following description. 
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2 
By way of general description of the pump 

which has been devised to fulfill the objectives 
Set Out above, it is a development of a known 
type of pump having a fixed casing with a rotat 
able cylinder block therein, pistons operating in 
radial bores in the block engaging a track ring 
eccentric to the axis of the rotor and thereby 
being reciprocated. A centrifugal impeller 
mounted on the cylinder block acts as a Super 
charger in the pump intake. The track ring is 
pivoted So that its eccentricity may be varied, 
under the control of an automatic mechanism in 
the pump, for accommodation to conditions in 
which flow from the pump is obstructed and to 
regulate the output pressure of the pump. Walv 
ing of flow of fluid through the pump is accom 
plished by a valve having one inember rotatable 
with the cylinder block and a cooperating men 
ber fixed in the casing. Fluid flow devices of this 
general character are described in my co-pending 
applications for Hydraulic Fluid Mechanisms, 
Serial No. 637,699, filed December 28, 1945, now 
Patent No. 2,620,736; Serial No. 661,716, filed 
April 12, 1946, now Patent No. 2,552,449; Serial 
No. 677,714, filed June 19, 1946, now Patent No. 
2,620,733; and Serial No. 687,399, filed July 31, 
1946, now Patent No. 2,575,528. Certain features 
disclosed herein are disclosed and claimed in 
these co-pending applications. 

Referring to the drawings: 
Fig. 1 is an elevation view of the preferred 

embodiment of the invention as viewed from the 
intake and discharge end; 

Fig. 2 is a plan view of the pump as viewed 
from below; 

Fig. 3 is an elevation of the drive end of the 
purp 

Fig. 4 is a partial elevational view of the inner 
face of the casing end cap; 

Fig. 5 is a sectional view of the casing end cap 
taken on the plane indicated by the line 5-5 in 
Fig. 3; 

Fig. 6 is a sectional view of the pump taken 
in a Substantially vertical plane through the axis 
of rotation of the cylinder block; 

Fig. 7 is a sectional view of the pump casing 
and rotor taken in a generally horizontal plane 
passing through the rotor axis; 

Fig. 8 is a cross Sectional view of the pump; 
Fig. 9 is a Sectional view of the pump casing 

illustrating the inside of the casing end; 
Figs. 10, 11, and 12 are views of the track ring; 
Figs. 13, 14, and 15 are views of the inter 

mediate member of an Oldham coupling; 
Fig. 16 is a view of the rotor from the drive 

shaft end; 
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Fig. 17 is a side view of the rotor; 
Fig. 18 is a view of the rotor and centrifugal 

impeller from the fluid flow end; 
Fig. 19 is an enlarged sectional view of a por 

tion of the pump illustrating the valve mecha 
inlSmi. 

FigS. 20, 21 and 22 are Views of the rotating 
valve plate; 

Figs. 23, 24 and 25 are views of the stationary 
valve plate; 

Fig. 26 is a fragmentary Sectional view illus 
trating a modified structure for Securing the 
end cap; 

Fig. 27 is a longitudinal Section of a bleed line 
sleeve incorporating a check valve; 

Fig. 28 is a perspective view of a part of the 
check valve of Fig. 27; 

Fig. 29 is a croSS Section of a modified pressure 
control device, taken on the plane indicated by 
the line 29-29 in Fig. 30; 

Fig. 30 is a longitudinal section of the modified 
pressure control device, taken on the plane indi 
cated by the line 30-30 in Fig.29; and 

Fig. 31 is a fragmentary sectional view taken 
on the plane indicated by the line. 3-3 in 
Fig. 29. 

General description, 

The pump mechanism is housed in a casing 
30 (Figs. 1 and 2) of circular cross section, taper 
ing slightly toward the ends. The enclosure of 
the machine is completed by an end cap 3 (Figs. 
2 and 3) provided with a flange for securing the 
pump to a prime mover. Power is taken from 
the prime mover through a coupling meinber 33 
(Figs. 2 and 6) engaged with a rotor 34 which 
has two rows of radial cylinders in which pistons 
35 (FigS. 6 and 8) are reciprocabie. The outer 
ends of the pistons engage a track ring 36 freely 
rotatable in a guide ring 3. The guide ring 3 
is pivoted in the casing for movement about the 
axis 38 to positions of varying eccentricity under 
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the influence of the reactions of the pistons 35, 
a control Spring 39 and a pressure control device 
40. The fluid intake of the pump is through a 
bushing A (FigS. 1, 2 and 6) from which fluid 
is conducted through a centrifugal impeller 42 
(Fig. 6). From the Supercharger, the fluid passes 

4. 5 

through the intake port 43 (Fig. 7) of the posi 
tive displacement stage, through the valve piates 
to the cylinders and back through the valve piates 
to the outlet port 44 (Figs. 7 and ). 

Casing and rotor mounting . 
The pump casing is illustrated in Figs. 1 to 7. 

It is contemplated that this casing be formed 
by forging, on account of the desirable character 
istics of forged material, and the specific design 
shown herein is particularly adapted for forging, 
However, the casing may be produced by other 
Operations Such as casting. The casing 38 is con 
stituted by a forged, cup having an outer shell 
portion 49 and a massive conical end portion 53 
formed. With three, bosses 5, 52 and 53, equally 
spaced about the central axis of the pump, for 
accommodation of the external fluid connections. 
The interior of the casing is finished for recep 
tion of the rotor, eccentric ring, Walve mechanism, 
and so forth. The rotor 34 of the pump is formed 
with an annular extension 54 (FigS. 6 and 17) 
constituting the inner race of a needle bearing 
in which the rotor is supported. . The rollers 55 
of the bearing are guided by the flanges 56 and 
57 on the rotor and are retained in an outer race 
58 pressed into a bore 59 in the casing. 
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4. 
The drive end of the rotor is constituted by a 

shaft or extension 6 (Figs. 7 and 17) a portion 
62 of which is dimensioned to fit a ball bearing 63 
which Supports the drive end of the rotor and 
Serves as a thrust bearing to receive the end 
thrust. The outer race of the bali bearing 63 is 
received in a bore 66 in the end cap 3 of the 
Casing. The end thrust of the outer race of the 
bearing is taken by a surface 6 (Figs. 4, 5 and 6). 
A Washer 69 (FigS. 6 and 7) received against a 
shoulder 0 on the rotor transmits the thrust 
from the rotor to the inner race of the ball bear 
ing, 63. 
The mounting of the end cap 3 in the casing 

35 is most clearly shown in FigS. 3 to 6 inclusive. 
An externally, threaded mounting ring 3 is 
threaded into the casing 30 adjacent the open end 
thereof, and is locked into place by an Allen set 
screw 4 (Fig. 6) disposed OutWardly from a receSS 
5 in the outer face of the ring 3,...into engage 
ment with the casing. i he end cap 3: is maine 
tained in abutting relation. With the ring 3 by a 
plurality of inachine screws is received in count 
terbored holes it in the end cap and ii) tapped 
openings 3 in the ring. Radial-alignment of the 
end piate 3 } is attained by the fit of a, flange: 9 
thereof. Within the outer. end of the machined 
inner bore of the casing. 
The outer portion of the end ca. 3. is of rec 

tangular outline, providing four outwardly ex 
tending ears 3: With holes 82, therethrough by 
means of which the pirap is Secured to its prine 
nove". Align:cent with the prine nover is as 
sured by the inachined radial oute face 83 of the 
end cap and the shoulder 84 concentric with the 
pump axis which is adapted to be received in a 
innating bere of the prime naower. 

Leakage between the casing... and end; Cap is 
prevented by an O-ring or equivalent seak: 86 
ieceived in a circuiniferential recess 8 at the 
inner face of the erai cap. Counterbores 88 pro 
vide for the 13ceptioia of O-rings 89 fitted over 
the end cap mounting bolts 6 to prevent leak 
age along the boits. The end portion SS (Sigs. 6 
and 17) of the rotor shaft, which extends: airnost 
to the outer face of the end cap, provides for the 
Inounting of a rotary shaft Sea, 9 (Fig. 6). 
Since such shaft. Seals are well-kilown, articles 
of coininerce, and the invention is not restricted 
to the adaption of a particular type of: seal, no 
details of the Seal are shown herein: . The Seal 
9 is received in a joore 92 in the end cap. Leak 
age of oil along the outside surface of the seal is 
prevented by an O-ring 93 fitted in a counter 
core 3 is and retained in a ring 95 screwed into a 
threaded counterbore 96, which also retains; the 
seal 9. The retainer 93 is hocked in place by a 
Snap ring 95 retained in a groove 9i in the inner 
surface thereof and having a projection 38 ex 
tending through onse of three-notches 98a in the 
end of the retainer into one of four Siots 99; in 
the face 83, extending firot in the threaded bore 
86. leakage of cil i8tween the rotor. Shaft:6 
and the shaft, Seai 9 is prevented by an O-ring 
fi retained by a cup 33 fitted on the shaft. 6 
between the rotary shaft seal and the ball bear 
ing. The O-ring is is retained in a groove. iO3 
(Figs. 7 and 17) on the rotor shaft internlediate 
the portions 8 and 62, and the cup 2 is re 
tained against a shoulder (A. 
Any oil accumulated in the interface between 

the prime mover and the pump is collected in the 
lower one of four circumferential recesses: i O6 
(Figs. 3, 5, and 6) in the face'.83 of the pump 
end cap. Accumulated oil isi drained by remoy 
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ing the appropriate one of pipe plugs 01 closing 
radial bores 108 connecting with the recesses 06. 
Preferably the inner face of the end cap 3 is 
forged with pockets 2 (Figs. 4 and 6) to reduce 
its weight. A circumferential groove 22 (FigS. 
3 and 6) in the face of the end cap accommodates 
sealing wires for the mounting bolts 6. 
The connection of the prime mover to the cylin 

der block 34 is effected by a coupling member 33 
(Figs. 2, and 6) having a splined outer end por 
tion for reception in a Splined Socket of the 
prime mover, a reduced intermediate portion f 2 
and a splined inner portion 3 received in a 
splined socket fit in the shaft portion of the 
cylinder block 34. The coupling member is re 
tained by a snap ring 5 engaged behind a 
shoulder 6 at the mouth of the opening 4. 

Cylinder block and track ring 
Proceeding now to a detailed description of 

the rotor or cylinder block, it is shown in the 
machine in Figs. 6, 7, and 8 and removed from the 
machine in Figs. 16, 17, and 18. As previously 
stated, the cylinder block 34 is mounted for ro 
tation on a needle bearing 55 and a ball bearing 
63 fixed in the casing assembly and is driven 
through its shaft extensions 6 and 62. The rotor 
is of generally cylindrical form, and comprises a 
cylinder block portion 26 having two staggered 
rows of substantially radial cylinders. 
cylinders are shown in each row, but any con 
venient number may be provided. Flow of fluid 
to and from the cylinders is effected through 
seven passages 28 directed longitudinally of the 
cylinder block, each communicating with one : 
cylinder in each row. As will be seen in Figs. 6 
and 7, the passages 28 may be simply drilled into 
the block to a sufficient depth to interSect the 
cylinder bores 27. The inner ends of the cylin 
ders of the two rows overlap as viewed from the 
end of the cylinder block, so that a single passage 
28 may pass into a cylinder of each row, en 

tering the cylinders of the right-hand row of 
Fig. 6 at the clockwise side of the cylinder as 
viewed in Fig. 8 and entering the cylinders of the 
other row at the opposite side. The pistons 35 
are dimensioned for close sliding fit in the cylin 
ders 37, except for the lower ends of the cylinders, 
which are recessed to a slightly larger diameter 
29 to facilitate tooling operations. 
Before proceeding to a description of the con 

trol of the flow of fluid to and from the pistons 
through the passages 28, the mechanism for ef 
fecting reciprocation of the pistons and certain 
details of the cylinder block will be described. 
The pistons are reciprocated by engagement 
with a track ring 36 (Figs. 6, 7, and 8) which is 
mounted for rotation about an axis eccentric to 
that of the cylinder block with the result that 
each piston is withdrawn from its cylinder dur 
ing one half turn of the rotor and forced into 
the cylinder during the other half turn. The 
track ring 36 is rotated within a guide ring 3 
which forms the outer race of a double-roW 
needle bearing employing rollers 3 (FigS. 5 and 
6). The outer surface of the track ring is formed 
with marginal flanges 32 and 33 and a medial 
flange 34 (Fig. 7) for guidance of the rollers 
and with ground bearing races 35 and 36 in 
termediate the flangeS. 

For reasons which are fully explained in my 
copending application Serial No. 687,399, filed 
July 31, 1946, for Hydraulic Fluid Mechanism, the 
track ring 34 is driven positively from the rotor 
shaft by an Oldham type coupling. The Oldham 
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6. 
Coupling is constituted as follows: The rotor ad 
jacent the cylinder block proper is milled away to 
form a rectangular portion 40 with flats 4 
(Figs. 16 and 17). The flats 4 provide driving 
engagement With an intermediate coupling mem 
ber 42 (Figs. 13 to 15) which in turn drives the 
track ring 37 illustrated in Figs, 10 to 12 inclusive. 
The coupling member 42 is ring-shaped, with 
an Ovate internal opening 43 for clearance over 
the cylindrical portion 44 of the cylinder block 
and With two outstanding Segments 45, the op 
posed inner surfaces of which are spaced for 
sliding engagement on two of the flats 4. The 
Coupling member 42 is retained on the rotor be 
tWeen the Shoulder 46 of the rotor and the thrust 
washer 69 (Fig. 6). Adjacent the projections 45, 
the coupling member 42 is formed with out 
standing lugs 48 between which are milled or 
otherwise formed parallel-sided slots 49. The 
track ring 37 is provided with two diametrally 
Opposed projections 5 proportioned for Sliding 
engagement in the slots 49. As Will readily be 
Seen, the coupling thus constituted accommodates 
displacement between the axes of the rotor and 
track ring by radial sliding movement of the cou 
pling member 42 with respect to the rotor and 
radial sliding movement of the lugs 5 in the 
slotS 49 in quadrature thereto, and the track 
ring is always driven at the same angular velocity 
as the rotor. 
We may now consider the mounting of the 

guide ring 3 in the casing, which is illustrated 
in Figs. 6, 7 and 8. The guide ring is hinged on a 
pivot pin 38 mounted in a bore 55 in the ring 
and parallel to the axis thereof. One end of the 
pivot pin is Supported in a bore 56 in the end 
cap mounting ring 13, and its other end is Sup 
ported in an aligned bore 57 in a ring 58 fitted 
into the casing. The ring 58, as Will be seen, also 
constitutes the scroll for the supercharging stage 
of the pump. Tapped holes 59 in the ends of the 
pivot pin facilitate its removal. 
As the guide ring 3 SWings upwardly toward its 

position shown in Fig. 8, the eccentricity of the 
guide ring With respect to the rotor Will be in 
creased and thereby the stroke of the pistons and 
displacement of the pump will be corresponding 
ly increased. The guide ring 37 may swing down 
Ward to a position of zero eccentricity of the ring 
With respect to the rotor, in which case the dis 
placement is zero. Upward movement of the ring 
37 is limited by Stop Stud 6 threaded into a 
tapped hole 62 in the top of the casing and 
locked by a jam nut 63. By adjustment of the 
stop stud 6, the maximum displacement may be 
set at any desired point within the range of the 
pump. In operation, the reaction of the pistons 
On the ring due to the fluid pressures against the 
pistons tend to move the ring downward to the 
Zero position of eccentricity, and therefore the 
output of the pump may be regulated by provid 
ing a control force to counter this tendency. The 
mechanism therefor will be described presently. 
The rings 73 and 58 are formed with radially 

extending ribs 65 (Figs. 5 and 7) which engage 
the edges of the guide ring and steady it against 
longitudinal movement or vibration. The rotor 
may be lightened by a drilling along its axis to 
form a cavity 67 (Fig. 7) which may be closed 
off by an aluminum cup 68 (Fig. 6) having a 

ged end 69 engaging the bottom of the hole 

Under ordinary conditions of high speed oper 
ation, centrifugal force can be depended upon 
to engage the pistons with the track ring. At 
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slow speeds, a slight pressure head in: the fluid 
fed to the pump will force: the pistors out... HOW" 
ever, it is of great value to have a 3pump that: 
will work positively ever at low speeds and with 
a vacuum in the feed...: line... To achieve this. 
result, there must be a means to draw the pistoriS: 
outward in the cylinders. . In Sonnie pumps, this: 
result is accomplished by the use of SpringS. 
the preferred embodiment of this, invention; how 
ever, the inner .surface of the trackiring’:36 is 
formed. With inwardly... directed marginal flanges 
f5 and 76 . (Figs...6 and 12); and the pistons. 
are formed with fanges: 7 near, the outer ends 
which are: retained outside the flanges: 5 and 

6. In normal operation, with the doned upper 
ends : T8 of the pistons: engaging the track:ring, 
the piston head flanges: if 76 are out of contact. 
with the track ring; but in the event of Vacuum 
in the intake line, the pistons are . drawn. -out. 
positively by the flanges. T5 and .6 acting 
against the piston flanges. To facilitate assembly. 
of the pump, seven notches. 3 may be milled 
through the inwardly directed, portion of the: 
flange of 16 as shown... With: the flange - 6 thus. 
cut away, the track ring 38 can be slipped over 
the rotor with the pistons retiracted into the 
cylinders. . Then the pistons... of the innermost 
row can be pulled out, and their fianges engaged 
in the flange 5. The flanges of the Outer roW 
of pistons are passed through the cut-away 
portions: 8 , of the fiange i76, after which the 
ring 37 is rotated, so that the flanges. of the 
pistons are retained...intern ediate the notches 
8. The assembly can be made. With a single 
notch 8, by... rotating the rotor and ring relative 
to each other and engaging the pistons one at a 
time. The ring 37 is maintained in proper. an 
guiar relation to the rotor by, the Coldhain. Cou 
pling. . 
The -cylinders. 27 are bored at a slight-angle 

to the plane -normal to the cylinder block-axis. 
In other words, the two rows of cylinderS ai'e 
slightly divergent. toward their. Outer ends. The 
angle of inclination of the cylinder to the radius 
of the block may be of the order of two degrees. 
The inner surface. 83 of the track ring...is a right 
circular, cylinder. The...inclination. Of...the-pistons 
to the track...ring causes the pistons to be rotated 
in the cylinders by the differential of movement 
between the guide. ring and the centel pistons. 
This feature is fully, described in my above men 
tioned copending application No. 687,399 in which 
the advantages thereof are explained, and the 
aragular relation of the cylinderS. to the track 
ring is claimed. 

Vdle mechanism, 

The valve mechanism of the pump is:... ilius 
trated in Figs. 5, 6, and 19. to 25 inelusive. 
Basically, the valve mechanism is of a type: coin 
mon in rotary pumps and motors, in "Which the 
cylinders. are provided with individual ports 
which are in communication with... elongated 
kidney ports connected to the inlets and outlet 
lines. The elongated ports are so disposed: that 
the individual cylinder: ports are in contact. With 
the intake port during the rotational period in 
which the piston is withdrawn from the cylinder, 
and are in...contact: with the outlet: kidney port 
during the other half of the revolution. Valve 
meghanisms of this: sort present many probleians 
such as prevention of leakage, prevention of un 
due: friction and scoring of Valve plates, and as 
surance of free flow. The unbalanced forces on 
the valve parts isdue to the difference. between 
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8. 
inlet and outlet pressures present, another prob 
lem. . As will be seen from the valve mechanism: 
embodied herein, many novel features have been 
incorporated herein to overcome difficulties pre 
viously experienced with this type of Valve mech. 
anism and to minimize the usual requirements 
of extreme precision in machining and assembly. 
of the parts of the valve mechanism. The gen 
eral arrangement of the valve mechanism in the 
pump is illustrated in Figs. 6, 7 and 19, the ro 
tating valve plate in Figs. 20 to 22 and the sta 
tionary valve plate in Figs. 23 to 25. The sta 
tionary valve plate 28 is of a simple disk-shaped 
outline, and is formed with two kidney-shaped 
ports, an inlet port 282 and an outlet port 203 
Symmetrically disposed relative to the pump 
axis. The central portions of the slots 202 and 
203 are milled only partially through the valve 
plate, leaving strengthening ribs 224 to counter 
act the tendency of fitid pressure to expand the 
valve plate. The valve plate is mounted against 
the finished plane inner. Surface. 25 of the end 
portion 5 of the casing, and is held in place by 
a machine bolt 258 (Fig. 6) passing through an: 
axial bore 28 in the casing. The bolt 1206, is: 
received in a tapped central hole 28 of the valve 
plate. . The Valve plate is held against rotation 
by a pin .239. (Fig. 6) received in a boice'2) in 
the casing and a drilled hole 2: in the outer. 
Surface of the Valve plate. The normal thrust 
due to fluid pressure tends to aaintain the valve 
plate 2 in... close engagement. With the casing. 
leakage of fluid firCin the ports 22 and 23 along 

the oute face. Of the Waive plate is inhibited by: 
C-3'iings. Or equivalent Seals retailed in milled 
slots 2:3 and 2A in the outer face: of the valve 
plate. Surrounding the ports. The intake port 
282 opposes a kidney shaped passage. 2.f5 in the 
Casing and the outlet port 283 opposes a similar, 
Oleining 26 in the casing. 
The rotary valve plate 388 is formed with seven 

ports - thelethrough, one for each of the fluid 
passages. 28. The fiuid passages 23 each coin 
prise: a circulair opening 228 bored into the valve' 
plate:2:8 from its inner face 22 and an arcuate 
milled slot 222 formed in the outer-surface. 223, 
which engages the stationary valve plate.: The 
Openings 225 and 222 are so proportioned so...as 
to be of approxiiately equal cross. Sectional area, 
and they are joined by a tapered portion 223. 
The valve plate 28 is rotated with the cylinder 
block by a construction similar to a universal 
joint. It conprises a plug. 225 (Fig. 19), fitted in 
a bore 226 in the valve plate end of the rotor, 
and rotated positively with the cylinder, block 
by a key 22. The plug 226 is formed with a 
rounded head 228 projecting from the cylinder 
block into a central opening 229. in the valve 
plate 28. The opening 229 is formed. With di 
annetrally. Opposed slots 232 which receive, for 
driving eragageneat, a pin 23 fixed transversely 
in the head .228 of the plug. 225. By means of 
this construction, the valve, plate ; 2 8, is con 
Strained to rotate. With the cylinder block. 224 
but may adapt any axial or angular... rotation 
with the cylinder block necessary to conform to 
the valve plate. 20..., 
The ports 203,283, and 222 are so proportioned 

that, except for a sinoFit arc at the dead cerater 
positions of the pistons, the cylinders are in com 
munication With either the intake or exhaust 
port, during the entire rotation. . 
The valve plates are maintained in engagement 

With each other principally through the pressure 
of the fluid through the agency of plungers 235 
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freely slidable in the enlarged end portion 236 
of the passages 28. Each plunger 235 is formed 
with a circumferential groove 23 in which is re 
tained a sealing ring 238, and is formed With a 
central bore 239 for passage of the fluid, the 
bore 239 terminating in a shallow counter 
bore 240 in the outer end of the plunger and in 
a deeper counterbore 24 in the inner end of the 
plunger. A compression spring 242 contained in 
the counterbore 24 and in engagement With the 
inner end of the enlargement 236 of the fluid 
passage normally urges the plunger 235 against 
the valve plate 28. Thus when the pump is 
not in operation the two valve plates are main 
tained lightly in engagement by the force of the 
Springs 242, With the pump in Operation, a rela 
tively large force, tending to separate the valve 
plates, is exerted by the confined fluid. The force 
tending to separate the Valve plates will obviously 
be proportional to the fluid pressure and Will be 
principally exerted on the output or high pres 
Sure side of the valve plate. The force Will vary 
slightly. With the rotation of the pump, which 
varies the effective area, over which the force is 
exerted. In the pump described herein, the sep 
arating force is countered by exerting a force On 
the inner side of the valve plate 28 which is 
somewhat larger than the force tending to Sep 
arate the plates and is distributed in approxi 
mately the same manner. The seating force in 
this invention is delivered by the pressure of the 
eonfined fluid against the annular inner faces of 
the plungers 235, which are so proportioned that 
their total area, is slightly larger than that of 
the fixed ports 202 and 23 plus such portions 
of the ports 222 as may be in communication with 
the fixed ports and overlying the unbroken sur 
face of the valve plate 2 . The force exerted 
on the valve plate 28 by the plungers will bear 
a definite relation to the separating force, will 
always be slightly greater, and will have approxi 
mately the same center of application. In this 
way, the proper seating force is obtained without 
unbalanced forces on any side of the valve plates. 
The Small amount of fluid. Which works fron 

the ports onto the faces of the valve plates will 
be collected in a shallow central recess 245 of the 
plate 20 or in a peripheral groove 246. The 
Void space 245 is drained through two radial pas 
sages 24 in the valve plate and the groove 246 
through a plurality of radial slots 248. The es 
caping fluid will lubricate the relatively moving 
faces of the plates. 

Pressure control device 

We will now take up the manner in which fluid 
pressure is derived from the valve plate to actuate 
the hydraulic control mechanism (Figs. 1 and 
8), While the pump has been described as run 
ning in one direction and having an intake side 
and outlet side of the valve plate 26, actually 
the pump may be operated in either direction, and 
either of the passages 2C2 and 263 may be the 
high pressure Conduit. Means are incorporated 
in the valve plate 20? and its retaining bolt 26 
to take off fluid under pressure from either of the 
passages 292 or 293 to balance partially the re 
action of the pistons on the guide ring 3. The 
central hole 28 of the fixed valve plate coin 
nunicates With the kidney-shaped ports 202 and 
23 through tWo angularly disposed radia pas 
sages 252 and 253 (Fig. 19) which intersect the 
ports 282 and 23 at the face of the valve plate. 
The conduits 252 and 253 are formed with en 
larged inner bores 254 and 255, the ends of tae 
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enlargements forming seats for ball check Valves 
256 which are retained against dropping Out of 
their seats by a spring ring 25 disposed in a 
groove 258 recessed in the hole 208. The retain 
ing bolt 26 (Figs. 7 and 19) is centrally drilled 
to form an oil passage 26 communicating with 
the recess 258 by a cross drilled passage 262 in the 
bolt. A cross drilled passage 263 (Fig. 7) adjacent 
the head of the bolt 206 delivers fluid to an 
internal circumferential channel 264 in a collar 
265 retained against the face of the casing by 
the bolt 206. O-ring or equivalent seals 266, 267, 
and 268 (Fig. 7) prevent escape of fluid along the 
bolt 26 or around the collar 265. 
The collar 265 is welded or otherwise united 

to a pressure tube 270 (Figs. and 2) Which is 
sealed into the cylinder portion 27 (Fig. 8) of 
the control device 40. The cylinder 27 is dis 
posed in a counterbored opening 272 in the casing 
wall 49 and is retained by a flanged nut 273 
threaded on the inner end of the cylinder and 
bearing on the inner face of the casing. The 
fluid entering the cylinder 27 through the con 
duit 20 exerts pressure against a floating piston 
24, the face of which engages a bearing ball 275 
mounted in a semi-cylindrical groove 276 in the 
guide ring 37. A compression spring 27 main 
tains the plunger 274 in engagement with the ball 
25. Seals 278 and 279 inhibit leakage of fluid 
along the inner and outer surfaces of the cyl 
inder 2. It Will readily be seen that the ball 
checks 256 (Fig. 19) will close off the control 
passages from the low pressure inlet, but will 
permit passage of fluid thereinto from the outlet. 
The force of the fiuid confined in the cylinder 
8 urges the guide ring upward, opposing the 
piston reaction which tends to centralize the ring 
With the rotor. As will readily be seen, the force 
exerted by the plunger 274 is proportional to 
the output pressure of the pump. The pump in 
put pressure, in the applications for which this 
type of control is contemplated, is normally very 
Small relative to the output pressure. Therefore, 
the reaction of the pistons on the guide ring 237 
is Substantially proportional to the output pres 
Sure. Thus the difference between the moments 
of the two forces about the pivot of the pin 248 
is Substantially proportional to the preSSure 
delivered by the pump. The area of the plunger 
29 is such that the force exerted by it is slightly 
less than the resultant of the piston reactions. 
The output pressure is limited and regulated 

by the leaf Spring 39 (Figs. 6 and 8) which Op 
poses the resultant hydraulic moment. The cen 
tral portion of the spring 39 bears against a 
ball 28 in a depression 282 in the guide ring. 
The ends of the spring are disposed under the 
flange of the nut 273 and under a flange of a 
Spring-retaining nut 283 held by a machine screw 
284 provided with a seal 285. When the differ 
ence between the piston and plunger reactions 
exceeds the initial tension of the spring 39, the 
guide ring 37 will rotate clockwise (Fig. 8) to 
decrease the output; or, if the output is com 
pletely blocked, to bring the pump output to zero. 
The cutout pressure of the pump may be varied 

by adjusting Studs 287 and 288 bearing against 
the Spring approximately one eighth to one sixth 

The Studs are 
locked in adjustment by nuts 289. By virtue of 
the controlling arrangement shown herein, the 
large portion of the force required to oppose the 
piston reaction is delivered by the hydraulic 
plunger 274. The spring 39 may therefore be of 
relatively Small tension and small size. The 
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Spring 39 is of . Such form as to conform. to the 
natural envelope of the pump, maintaining the 
Compactness of the pump. 

Supercharging Stage 

We are now in a position to describe the centrif 
ugal Supercharging stage and general, arrange 
ment of the casing and coupling for fluid flow 
through the centrifugal stage. The fluid intake 
of the pump is through a hexagon-headed bush 
ing 4 (Fig. 6) threaded inside and outside, and 
ScreWed into the bore 36 in the boss 53 of the 
end of the casing. The threaded bore 30 is dis 
posed at a slight angle to the pump axis. A seal 
392 received in a counterbore beneath the flange 
of the bushing 4 serves as a fluid seal. : From the 
inlet bushing 4, fluid passes into a chamber 303 
and then through two milled passages 304 (Figs. 
6 and 9) to the interior of the casing adjacent 
the periphery of the valve plate 20. Fluid flows 
into a Space between the peripheries of the valve 
plates 20 and 28 and the inner Surface of the 
extension 54 of the rotor, which is the inlet 
chamber of the centrifugal impeller. The in 
peller is constituted by radial passages in the 
cylinder block and in an impeller ring 42 (Figs. 
6 and 18) the ring being pressed or shrunk onto 
the rotor adjacent the flange 5, its position be 
ing indicated by dot and dash lines in Fig.17. The 
impeller paSSages are preferably seven in number, 
Spaced intermediate the fluid passages 28. The 
passages S. enter the end of the cylinder block 
adjacent the rotary valve plate and are directed 
approximately 45 degrees to the axis, and then 
radially through the cylinder block and com 
municate With aligned passages 308 in the im 
peller ring 306. The impeller ring 306 is milled 
away on its inner face, that is, the one toward 
the pistons, forming recesses between the pas 
Sages 308. 
The fluid from the impeller is discharged into 

an annular space 30 defined by the inner sur 
face of the ring 58 mounted in the casing ad 
jacent the periphery of the impeller. and by a 
continuous semi-circular milled groove 3 in 
the inner face of the end of the pump casing 
(FigS. 6 and 9). Outflow of oil from the chamber 
30 is effected through one of two deep milled 
pockets 32 and 33 (Figs. 7 and 9) extending 
axially into the casing end froll the channel 3. 
The milled pockets 32 and 33 are angularly 
aligned with the fiuid flow openings, 43 and 44 
respectively. 
The openings 43 and 44, which are located ap 

proximately 120 degrees from the intake open 
ing , are bored into the bosses 52 and 5 re 
Spectively. The outer openings 43 and 44 con 
Stitute the intake and discharge ports for the 
positive displacement stage of the pump and are 
connected to the valve plates through the pas 
Sages 25 and 26. In order to adapt the pump 
for rotation in either direction, the openings 43 
and 44 are adapted for interchangeable use as 
a reans of connection between the Supercharg 
ing Stage and positive displacement stage, and 
as the discharge orifice of the pump. The open 
ings A3 and 44 are therefore bored out in identi 
cal fashion and are adapted to their specific func 
tions by the cap 35 and sleeve 36 which are 
interchangeable, are formed with hexagon heads, 
and are adapted to be retained by the threaded 
portions 37 of the bores 43 and 44. Immediately 
within the threaded portion, a deep offset recess 
318 is bored in the side wall of each of the open 
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ings. 43 and 44, breaking into the pockets 32 
and 33. 
As the pump is set up, in Fig. 7, fluid flows from 

the Supercharger into the space 3:6, through the 
conduit 32, the recess 38, the chamber 33, and 
the duct 25 into the valve mechanisiia. The 
operation of the valves and cylinder block has 
been described. The pocket, 3 and recess 39 
are blocked off fron the outlet opening 44. Of the 
pump by an extension 32 of the sleeve in which 
a Sealing ring 322 is mounted. A Sealing ring is 
also fitted in a counterbore 323 at the mouth of 
the opening 44. The discharge passage 26 from 
the positive displacement stage enters the open 
ing 44 at the end thereof, and fluid flows through 
the sleeve 36 Which is internally tapped at 325 
for the reception of a fluid delivery conduit. 
The cap 35 and the Sealing ring 32 Substan 

tially close off the outer opening of the cavity 
43. The cap 35 is formed, however, with a small 
orifice 328 therethrough, communicating with a 
tapped opening 329 which is adapted for recep 
tion of a pipe fitting. A pipe plug ilay be in 
serted in the opening 329 completely sealing the 
external opening of the cavity É3 if desired, 
or a low pressure return line inay be connected to 
the cap 35 in which case a certain alount of low 
pressure oil from the centrifugal stage is bled 
from the pump, the amount of oil being gov 
erned by the size of the orifice 328. The pur 
pose of bleeding oil in this manner is to provide 
a Small circulation of oil to cool and lubricate the 
pump when, on account of blocking of flow in the 
high pressure discharge line, there is no dis 
charge of oil from the positive displaceinent stage. 

Sealing means are provided to inhibit circulaw 
tion of oil from the Supercharger back into the 
pump intake paSSage through the needle bearing 
55. The periphery of the centrifugal in peller 
42 is formed with a longitudinally extending 
flange 333 immediately adjacent the periphery 
of the bearing race 58 extending into the annular 
recess 3 if which, by centrifugal action, reduces 
the tendency of the fluid to fioW between the 
in peller and the bearing race and forins a pri 
mary seal. A secondary Seal is fitted between 
the end of the rotor and the inner face of the 
casing end, constituted by a fanged ring 334, 
the face of which is pressed against the end of 
the rotor by a ring 335 of synthetic rubber or the 
like seated in the flanged ring 334. A lip 336 
(Fig. 6) forming an extension of the inner flange 
of the ring extends within the intake paSSage 304 
to prevent rotation of the sealing ring. 

It is inherent in the nature of pumps Such as 
that described herein, that a certain amount of 
fiuid Will escape between the moving parts. This 
loss may be minimized by precise fitting of parts 
but can not be entirely eliminated. Provision is 
made in this pump to utilize the escaping oil to 
lubricate the pump and to Scavenge excess oil 
from Within the casing. The Valve plates 20 
and 28 are lubricated by fiuid eScaping from the 
valve ports. Oil emerging from the inner face of 
the valve plates through the passages 23 and 248 
in the valve plate 2 or escaping around the 
plungers 235 returns to the intake of the Super 
charging stage. Oil passing through the needle 
bearing 55 from the supercharger and through 
the primary and secondary Seals also returns to 

Fluid passing between 
the pistons 35 and the cylinders is thrown against 
the inside of the track ring 36 by centrifugal force 
and through radial passages 336 in the track ring 
to the outer race, serving to lubricate the track 
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ring needle bearings and finally escaping to the 
periphery of the casing. Fluid which escapes 
past the seal of on the drive shaft returns to the casing through passages 340 (Fig. 6) in the end 
cap and 34 in the end cap mounting ring to the 
periphery of the casing. Any excessive accumu 
lation of oil in the casing will be thrown into the 
supercharger outlet passages by the impeller £2. 

Modified end cap retaining structure 
Figure 26 illustrates a modified structure for 

the retention of the end cap 3 in the casing 3 
which eliminates the use of a threaded retaining 
ring such as 3 (Figs. 5, 6 and 7). In the nodi 
fied construction, a retaining ring 73a is employed 
which is similar to the form 73 previously de 
scribed except that it is designed for retention 
by an expanding snap ring 360 retained in a 
groove 36 machined in the inner surface of the 
casing. The retaining ring 73a abuts against 
a small shoulder 362 in the casing during aSSea 
bly and is held against movement out of the cas 
ing by the Snap ring 380. The end cap 3 abuts 
against a shoulder 363 in the casing. Machine 
screws 76, as illustrated in Figures 3 and 5, pass 
through the end cap and are threaded into the 
retaining ring .3a. When the screws are tight 
ened the end cap is pulled tight against the 
shoulder 363 and the retaining ring against the 
Snap ring 360. 

Oil bleed line check value 
As previously described, the cap 345 (Fig. 7) is 

designed for the connection of a bleed line to 
draw off a portion of the fluid which is passed 
through the supercharging stage of the pump. 
In certain applications, where there is a possi 
bility of introduction of air into the feed line of 
the pump, and in which rapid Self-priming of 
the pump is important, the presence of the vent 
connection to the cap 35 might delay priming 
because it would be possible to pump air in 
through the bleed line. To obviate this difficulty 
in such applications as it may appear, a modified 
bleed line cap 35a, (Fig. 27), incorporating a 
check valve, may be employed. The plug 3:5a is 
threaded into the pump and sealed in the same 
manner as the plug 35 previously described. 
It comprises an elongated central portion 3 ex 
tending farther into the port 43 and having the 
bleed orifice 328 in its inner end. It includes a 
check valve comprising a ball 37 held against 
the outer end of the orifice 328 by a compression 
spring 372. The outer end of the spring 372 en 
gages the retainer 373, shown enlarged in Fig. 28. 
The retainer 373 comprises a disk portion 314 
having a number of holes 375 therethrough for 
the passage of fluid and formed With a central 
boss 376 which locates the Spring and prevents 
excessive movement of the ball 3. The retainer 
373 is disposed in engagement with a shoulder 
317 and is held in position by a Snap ring 38. 
The cap 315a is provided with an internally 
threaded opening 329 for the attachment of the 
bleedline. 
Modified pressure regulator 20th a relief valve 
With the form of pressure regulator 40 (Fig. 

8) previously described and with the check valves 
256 incorporated in the line through which fluid 
under pressure is fed to the cylinder 27, under 
some conditions of operation, the check valves 
might impede the escape of oil from the cylinder 
2 and thus undesirably delay the response Of 
the pump to excessive output pressures. One 
solution to this problem Would be to eliminate the 
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the head portion 4 in alignment With the 

passage 44. ( 
as a motor the supercharging impeller and CO 

14 
check valve from the high pressure side of the 
pump. Another way would be to eliminate both 
check valves and do away entirely with the con 
nection to the intake side of the positive dis 
placement stage. 
The adoption of either of these expedients 

would make the pump operable in only one direc 
tion. In order to change the direction of shaft 
rotation and fluid flow, the check wave ball 
would have to be shifted from one passage 256 to 
another or the valve plate 2C would have to be 
rotated 180 degrees about its central axis. 
The modified form of pressure regulator device 

illustrated in Figs. 29 to 31 is provided with a 
pressure relief Walve to permit ready escape of the 
fluid from the cylinder 27 in the event of ex 
cess load on the pump. The modified form of 
regulator comprises a head 40 and a cylinder 
portion 2, the cylinder being similar to that of 
the form previously described. The plunger 274 
operates against the roll 275 and the regulating 
device is retained in place by a nut 273. The 
sealing rings 272 and 28 and the spring 27 are 
of the same form as in the previously described 

The pressure tube 27C is brazed into 

drilled passage 403, which is intersected by a pas 
Sage 404 communicating With the cylinder 27. 
A third passage 5 having a reduced end portion 
406 likewise intersects the passage 493. The pres 
Sure relief valve disposed in the chamber 405 
comprises a ball 40, a plunger 408 and a com 
pression spring 499 which is retained between 
the head of the plunger and an Allen Set Screw 
AC retained in the threaded outer portion 4 
of the bore 405. The Set Screw 49 is locked by a 
second Allen set screw 42 having a turned por 
tion 4 3 cooperating with an O-ring or similar 
seal 44 to prevent escape of fluid from the relief 
valve. In the event that excess pressure is de 
veloped within the cylinder 27, the ball 407 is 
lifted from its seat, permitting fluid to escape 
from the cylinder through a diagonal passage 46 
in the head 40. The outer end of the passage 
& S is closed by a plug 4 brazed in place. Dis 
charge of the escaping fluid is effected through 
the passage 4f 8 formed by a short length of tub 
ring brazed into the head 40 and entering a pas 
sage 49 drilled through the shell 49 of the pump. 
A sealing ring 420 disposed in a counterbore 42 
in the casing prevents leakage of fluid. AS Will be 
seen, if the pressure within the pump rises rapid 
ly, tending to drive the plunger 274 into the 
cylinder and fluid is unable to escape from the 
cylinder through the check valves in the fixed 
valve plate 20, the fluid will lift the ball 407 in 
the relief valve and be discharged into the pump 
casing. 
The relief valve 47 forms an additional means 

for regulating the cut-off point of the pump, 
since by adjusting the point of operation of this 
valve, the maximum pressure in the cylinder 2 
may be set to any desired value. The maximum 
pressure in the cylinder and the tension of the 
spring 39 (Fig. 8) determine the cut-off point 
of the pump. 
As has been stated, most of the structure dis 

closed herein as a pump is also adapted for use 
in hydraulic motors. In use as a motor, the 
supercharger is unnecessary, and may be cut out 
by inserting sleeves 3 f6 in both passage 43 and 

Of course, in a machine designed 

necting passages therefor may be omitted. The 
variable-volume feature would ordinarily be 
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omitted in a motor, and may be in a pump, by 
ifixing the guide ring 3 in the casing and omit 
ting the mechanisms which control the position 

. Of thering. 
Although the foregoing description is neceS 

sarily of a detailed character, in order that the 
invention may be completely set forth, it is to be 
understood that the specific terminology is not 
intended to be restrictive or confining, and that 
Various rearrangements of parts and modifica 
tions of detail may be resorted to without de 
parting from the scope or spirit of the invention 
as herein claimed, 

claim: 
1. In a fluid displacement machine, a rotatable 

cylinder block having radially directed cylinder 
openings therein, pistons in the Cylinders, an an 
sinular member surrounding the cylinder block 
and engaged by the pistons, the member being 
mounted for motion with respect to the cylinder 
block so as to vary the displacement of the ma 
chine by varying the eccentricity of the central 
axis of the inember with respect to the axis of 
rotation of the cylinder block, the effect of fluid 

; pressure in the cylinder block inorinally tending 
to reduce the displacement to Zero, Opposed 
means responsive to fluid pressure Within the na 
chine tending to move the reinber in an Oppo 
site direction, the means tending to decrease dis 
placement having the greater effect, and initially 
stressed resilient means increasingly StreSSed as 
the displacement is decreased. 

2. In a fluid displacement inachine, a rotatable 
cylinder block having radially directed Cylinder 
openings therein, pistons in the cylinders, an an 
nular member Surrounding the cylinder block 
and engaged by the pistons, the meinber being 
imounted for notion with respect to the cylinder 
block so as to vary the displacement of the ma 
chine by varying the eccentricity of the central 
axis of the member with respect to the axis of 
rotation of the cylinder block, the effect of fuid 
pressure in the cylinder block normally tending 
to reduce the displacement to Zero, Opposed 
means responsive to fluid pressure Within the 
machine tending to move the member in an Op 
posite direction, the means tending to decrease 
displacement having the greater effect, the dif 
ferential effect of the opposed means being Sub 
stantially less than the effect of either lineans, 
and initially stressed resilient (neans increaS 
ingly stressed as the displacement is deci?eased. 

3. In combination with a fluid displacement 
: machine having radially directed cylinders, pis 
tons therein, and control means for effecting re 
ciprocation of the pistons, the control means be 
ring movable from a position in Which the pis 
tons operate through a full stroke to a cutoff 
position in which the pistons are stationary With 
respect to the cylinders, and in which the reac 
tions of the pistons on the control means urge 
it toward its cutoff position; regulating ineans 
constantly urging the control means to Ward its 
full-stroke position comprising a device respon 
sive to fiuid pressures within the pump and a 
stressed resilient member operatively engaging 
the control means to provide a constant biasing 
-force opposing the reactions of the pistons upOn 
the control means whereby the control means is 
::caused to assume a cut-off position relatively 
rapidly when the difference between the actions 
of the control means and the regulating means 
exceeds that of the stressed nerinber. 

... 4. In combination with a fluid displacement 
smachinehaving radially directed cylinders, pis 
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tons therein, and control means for effecting re 
ciprocation of the pistons, the control lineans be 
ing movable from a position in which the pis 
to as operate through a full stroke to a cutoff 
position in which the pistons are Stationary With 
respect to the cylinders, and in which the reac 
tions of the pistons, on the control means urge 
it toward its cutoff position; regulating means 
constantly urging the control means toward its 
fulli-stroke position comprising a device respon 
sive to the pump output pressure and a stressed 
resilient member operatively engaging the con 
troi means to provide a constant biasing force 
opposing the reactions of the pistons upon the 
control, means, whereby the control means is 
caused to assurne a cut-off position relatively rap 
idly when the difference between the actions of 
the control means and the regulating means ex 
ceeds that of the Stressed member. 

5. In combination. With a fluid displacement 
machine having cylinders, pistons therein, and 
control means for effecting reciprocation of the 
pistons, the control means being nowable from 
a position in which the pistons operate through 
a full Stroke to a cutoff position in Which the 
pistons are stationary with respect to the cyl 
inders, and in which the reactions of the pis 
tons on the control means urge it toward itS 
cutoff position; regulating lineans constantly urg 
ing the control means toward its full-stroke po 
Sition comprising a device responsive to the pump 
Output preSSUre and comprising a flat spring and 
means to Vary the initial stress of the flat Spring. 

6. In combination with a fluid displacement 
Inachine having cylinders, pistons therein, and 
control means for effecting reciprocation of the 
pistons, the control means being inovable from 
a position in which the pistons operate through 
a full Stroke to a cutoff position in which the 
pistOinS are stationary With respect to the cyl 
inderS, and in which the reactions of the pis 
tons on the control means urge it toward its 
Cutoff position; regulating means urging the con 
trol means toward its full-stroke position com 
prising a flat Spring, a part On the control means 
engaging the midpoint of the Spring, abutments 
at the ends of the Spring, and adjustable means 
between the abutments and midpoint for bias 
ing the Spring toward the control means. 

7. In combination with a fluid displacement 
inachine having cylinders, pistons therein, and 
control means for effecting reciprocation of the 
pistons, the control means being movable from 
a position in which the pistons operate through 
a full Stroke to a cutoff position in which the 
pistOinS are stationary with respect to the cyl 
inders, and in which the reactions of the pis 
tons on the control means urge it toward its 
Cutoff position, regulating means urging the coin 
trol ineans toward its full-stroke position com 
prising a fuid-pressure-responsive device engag 
ing the Control means, fluid connections between 
the said device and the inlet and outlet pas 
Sages respectively, of the machine, and check 
valves in the said fluid connections so. arranged 
that the device is isolated from the passage under 
lower pressure and actuated by fluid from the 
paSSage of higher pressure. 

8. In a fluid displacement machine, a cylin 
drical casing, a cylinder block of the radial-cyl 
inder type rotatable in the casing, pistons in the 
block, a track ring engaging the heads of the 
pistons, a guide ring in which the track ring is 
Supported, a pivotal mounting for the guide ring 
Whereby it may move to vary the eccentricity of 
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the track ring with respect to the cylinder block, 
a hydraulic cylinder radial to the casing, a pist 
ton in the cylinder engaging the guide ring for 
rotation thereof about its mounting, a flat Spring 
disposed circumferentially of the casing between 
the guide ring and casing, abutments in the cas 
ing for the spring, a part on the ring engaging 
the spring intermediate the abutments, and 
means movable radially of the casing engaging 
the spring to vary the tension thereof. 

9. In a fluid displacement machine, a casing, 
a cylinder block of the radial-cylinder type ro 
tatable in the casing, pistons in the block, a track 
ring engaging the heads of the pistons, a mount 
ing for the track ring whereby it may move to 
vary the eccentricity of the track ring with re 
spect to the cylinder block, a hydraulic cylinder 
radial to the casing, a piston in the cylinder Con 
nected to move the track ring, a flat spring dis 
posed between the track ring and casing, abut 
ments in the casing for the Spring, a part Con 
nected to the ring engaging the spring inter 
mediate the abutments, and means movable ra 
dially of the casing engaging the spring to vary 
the tension thereof. 

10. In a fluid displacement machine, a cylin 
drical casing, a cylinder block of the radial-cyl 
inder type rotatable in the casing, pistons in the 
block, a track ring engaging the heads of the 
pistons, a guide ring in which the track ring is is 
supported, a mounting for the guide ring where 
by it may move to vary the eccentricity of the 
track ring with respect to the cylinder block, a 
hydraulic cylinder radial to the casing, a piston 
in the cylinder engaging the guide ring for move 
ment thereof, a fiat Spring disposed circumfer 
entially, of the casing between the guide ring and 
casing, abutments in the casing for the Spring, 
and a part on the ring engaging the spring in 
termediate the abutments. 

11. In a fluid displacement machine, a cylin 
drical casing, a cylinder block of the radial-cyl 
inder type rotatable in the casing, pistons, in the 
block, a track ring engaging the heads of the 
pistons, a guide ring in which the track ring is 
supported, a pivotal mounting for the guide ring 
whereby it may move to vary the eccentricity of 
the track ring with respect to the cylinder block, 
and a hydraulic device responsive to pressures 
within the cylinder block engaging the guide ring 
for rotation thereof about its mounting. 

12. In a fluid displacement machine, a casing, 
a cylinder block of the radial-cylinder type ro 
tatable in the casing, pistons in the block, a ring 
eccentric to the cylinder block for effecting re 
ciprocation of the pistons, a pivotal mounting 
for the ring whereby it may move to vary the ec 
centricity of the ring relative to the cylinder 
block, a hydraulic actuator engaging the ring for 
rotation thereof about its mounting, a fiat Spring 
disposed circumferentially, and externally of the 
ring, abutments in the casing for the Spring, a 
part on the ring engaging the Spring intermedi 
ate the abutments, and means movable radially 
of the casing. engaging the Spring to vary the 
tension thereof. - 

13. In a fluid displacement machine, a casing, 
a cylinder block of the radial-cylinder type ro 
tatable in the casing, pistons in the block, a ring 
eccentric to the cylinder block for effecting re 
ciprocation of the pistons, a mounting for the 
ring whereby it may move to vary the eccen 
tricity of the ring relative to the cylinder block, 
a hydraulic actuator engaging the ring for move 
ment thereof, a flat spring disposed circumfer 
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entially and externally of the ring, abutments in 
the casing for the spring, and a part on the ring 
engaging the Spring intermediate the abutments. 

14. In a fluid displacement machine, a casing, 
a cylinder block of the radial-cylinder type ro 
tatable in the casing, pistons in the block, a track 
ring for. reciprocating the pistons, a mounting 
for the track ring whereby it may move to vary 
the eccentricity of the track ring with respect to 
the cylinder block, a hydraulic cylinder radial 
to: the casing, a piston in the cylinder connected 
to move the track ring, a flat spring disposed be 
tWeen: the track ring and casing, abutments in 
the casing: for the Spring, a part connected to the 
ring engaging, the Spring intermediate the abut 
ments, and means movable radially of the cas 
ing engaging the: Spring to vary the tension 
thereof. 

15. In a fluid flow device, a rotary cylinder 
block; flow control means comprising a valve 
plate rotating With the cylinder block and a fixed 
valve plate, the valve plates being in face-to 
face contact; fluid flow passages from the cyl 
inders being aligned with ports in the rotating 

i, Valve plate; means for approximately balancing 
forces exerted by fluid pressure on the face of 
the rotating Valve plate comprising a plunger in 
each, passage engaging the rotating valve, plate 
and formed With an axial bore, the bore being 
recessed adjacent the valve plate end of the 
plunger, the plunger rim being disposed around 
the corresponding port; and a driving connection 
of the universal joint type between the cylinder 
block and the rotating Valve plate, 

16. In a fluid flow device, a rotary cylinder 
block; flow control means comprising a valve 
plate rotating With the cylinder block and a fixed 
valve plate, the valve plates being in face-to 
face contact; fluid flow passages from the cyl 
inders being aligned with ports in the rotating 
Valve plate; and means for approximately bal 
ancing forces exerted by fluid pressure on the 
face of the rotating valve plate comprising a 
plunger in each passage engaging the rotating 
valve plate and formed with an axial bore, the 
bore being recessed adjacent the valve plate end 
of the plunger, the plunger rim being disposed 
around the corresponding port. 

17. In a fluid flow device, a rotary cylinder 
block; flow control means comprising a valve 
plate rotating With the cylinder block and a fixed 
Valve plate, the valve plates being in face-to 
face contact; fluid flow passages from the cyl 
inders being aligned with ports in the rotating 
valve plate; means for approximately balancing 
forces exerted by fluid pressure on the face of 
the rotating valve plate comprising a plunger in 
each passage engaging the rotating valve plate 
and formed With an axial bore, the plunger rim 
being disposed around the corresponding port; 
and a driving connection of the universal joint 
type between the cylinder block and the rotating 
Valve plate. 

18. A hydraulic device comprising a casing 
5 having inlet and outlet ports, a cylinder block 
mounted for rotation in the casing, the cylinder 
block having radially directed cylinder openings, 
pistons in the openings, and valve means for suc 
CeSSively connecting the cylinder openings to the 
inlet port and then to the outlet port upon ro 
tation of the cylinder block, a first annular 
member Surrounding the cylinder block, a pivotal 
riounting for said first annular member sup 
ported by the casing, a second annular member 
mounted for coaxial rotation with respect to the 
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first member and adapted to rotate in Synchro 
nism with the cylinder block and engaging the 
pistons, rotation of the annular members about 
the pivotal mounting serving to vary the eccen" 
tricity of the common axis of the members with 
respect to the axis of rotation of the cylinder 
block, means responsive to the pressure of fluid 
in the cylinder openings connected to the outlet 
port, the said means being supported by Said 
casing and being adapted to rotate the annular 
members upon the mounting to increase the ec 
centricity of the axes in response to changes in 
fluid pressure, and biasing means disposed be 
tween the casing and the first annular member 
to provide a constant rotational force tending to 
increase the eccentricity of the axes. 

19. The invention in accordance with claim 
18, said fluid pressure responsive means compris 
ing a piston connected to the first annular men 
ber. 

20. The invention in accordance With claim 18, 
said fluid pressure responsive means comprising 
a piston connected to the first annular member 
and the component of force tending to change 
the eccentricity of the axes of the annular 
members with respect to the axis of the cylin 
der block due to the piston being less than the 
component of force due to the actions of the 
pistons in the cylinder openings upon the Sec 
ond annular member. 

21. The invention in accordance with claim 18, 
said biasing means comprising Spring means Slip 
ported by the casing and engaging the first an 
nular member. 

22. The invention in accordance with clain. 18, 
the component of force tending to increase the 
eccentricity of the axes of the annular members 
With respect to the axis of the cylinder block due 
to the fiuid pressure responsive means being leSS 
than the component of force tending to decrease 
the eccentricity due to the action of the pistons 
in the cylinder openings On the Second annular 
ring and the component of force due to the bias 
ing means being greater than the first two named 
forces. 

23. A hydraulic device comprising a Casing 
having a valve end and a drive end, a cylinder 
block mounted for rotation in the casing, the 
cylinder block having radially directed cylinder 
openings, valve means comprising a first means 
associated with the casing and rotatable means 
associated with the cylinder block, the Valve 
means being rotationally symmetric about the 
axis of rotation of the cylinder block and defining 
a valve face generally normal to the axis of ro 
tation of the block, the valve members having 
cooperating parts and passageways for conduct 
ing fluid to and from the cylinder openings aS 
the cylinder block rotates, pistons in the cylinder 
openings, the pistons normally being urged ra 
dially outward of the cylinder openings by fluid 
in the openings, an annular member Surround 
ing the cylinder block mounted for rotation about 
an axis eccentric to the axis of rotation of the 
cylinder block, whereby during one-half cycle of 
rotation, the ring forces the pistons into the cyl 
inder and during the other half cycle of rotation, 
the ring normally limits the outward movement 
of the pistons, a coupling device connected to 
the cylinder block and to the annular member for 
positively driving the member with the cylinder 
block, and means providing interengagement be 
tween the ring and pistons to withdraw the pis 
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tons from the cylinder in the event of non-action 
of fuid forces normally acting thereOn. 

24. The invention in accordance with claim 23, 
said last named means comprising a fange on 
the piston and an inwardly directed fiange. On 
the annular member for engaging the flange On 
the pistOn. 

25. The invention in accordance with claim 23, 
said last named means comprising an in Wardly 
directed fiange on the annular member having 
a peripheral groove therein and a flange on the 
piston received in the groove. 

26. A hydraulic device comprising a casing 
having a valve end and a drive end, a cylinder 
block mounted for - rotation in the casing, the 
cylinder block having radially directed cylinder 
openings, valve means comprising a first means 
associated with the casing and rotatable means 
associated with the cylinder block, the valve 
means being rotationaliy Symmetric about the 
axis of rotation of the cylinder block and defining 
a valve face generally normal to the axis of 
rotation of the block, the Valve members having 
cooperating ports and passageways for Conduct 
ing fluid to and from the cylinder openings as 
the cylinder block rotates, pistons in the cylinder 
Openings, the pistons normally being urged ra 
dially outward of the cylinder openings by fluid 
in the openings, an annular member Surrounding 
the cylinder block mounted for rotation about 
an axis eccentric to the axis of rotation of the 
cylinder block, Whereby during one-half cycle 
of rotation, the ring forces the piston into the 
cylinder and during the other half cycle of ro 
tation, the ring normally limits the outward 
movement of the pistons, fluid pressure means 
responsive to fuid in the passageways and con 
nected between Said casing and said annular 
nember and increasing the eccentricity of the 

40 

45 

50 

60 

65 

70 

axis of the annular member with respect to the 
axis of the cylinder block in response to increas 
ing preSSure, a coupling device connected to the 
cylinder block and to the annular member for 
positively driving the member with the cylinder 
block, and means providing interengagement be 
tween the ring and pistons to withdraw the pis 
tons from the cylinder in the event of non 
action of fluid forces normally acting thereon. 

27. The invention in accordance With claim 
26, Said last named means comprising a flange on 
the piston and an inwardly directed fange on 
the annular member for engaging the flange on 
the piston. 

JOHN W. OVERBEKE. 
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